Determining Molar Mass
- by Freezing Point Depression

INTRODUCTION

A solution is a homogeneous mixture of substances, comprised of at least two
components, the major component being the solvent and the minor the solute.
The solvent is the component that defines the phase of a solution; it is the
material into which the solute is introduced. The solute is the substance that
dissolves in a solvent to form a solution. A solution can be made from any com-
bination of the phases of matter. In this lab, two solids are mixed together, then
melted to complete the solution process. g

There are a number of ways of expressing concentration quantitatively, but
the ones commonly used in AP Chemistry are molarity (M), molality (m), mole
fraction (y), and mass percent. These are defined as follows:
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Because volume varies as temperature varies, any concentration measure that
includes volume in its definition is temperature dependent. Therefore, a stated
molarity, for instance, must include the temperature at which the solution was

measured. Ratios that compare only moles or mass are not temperature depend-
ent, because those quantities do not vary as the temperature does.

Colligative properties are a set of characteristics that differ for a pure solvent
and a solution of the solvent. The presence of particles of solute in the solvent
interferes with the normal behavior of the solvent, especially the characteristic of
vapor pressure. It is not important what the chemical composition or size of the
solute particles may be, just that they are in solution with the solvent. It is the
quantity of particles in solution that does change the behavior of the solvent, so a
measure of concentration occurs in each of the equations that describe colliga-
tive properties. These equations describe the behavior of dilute solutions best,
because the behavior of dilute solutions is closest to ideal. At higher concentra-
tions the solutions no longer behave in an ideal fashion.
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The colligative property investigated in this lab is that of freezing point
depression. The presence of solute particles extends the temperature range over
which the solvent remains liquid, so the boiling point of the solution is higher
than that of the solvent, whereas the freezing point of the solution is lower than
that of the solvent. The equation that describes the change in freezing point is

AT} = iKym

where i = number of moles of solute particles in solution (van't Hoff value)
K= molal freezing point constant for the solvent
m = concentration in molality (used since temperature varies)

Procedure Preview In this experiment, you will establish the freezing point of
a pure solvent. By contaminating the pure solvent with a known quantity of a
known solute, you can formulate a known solution. Then, by determining the
freezing point of the known solution and comparing it to the freezing point of
the pure solvent, you will be able to calculate the change in freezing point, AT
and the freezing point depression constant, Kj; of the solvent. Finally, by mak-
ing a solution of a fresh sample of the solvent with an unknown solute, and
measuring its freezing point, you can calculate the molar mass of the unknown
solute. You will make use of the following equations:
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By substituting, you can derive this relationship:
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- » medium test tubes

. > lauric acid (dodecanoic acid, CH3(CH3),oCO0OH)

/> palmitic acid (hexadecanoic acid, CH3(CH2);4,COOH)
» unknown molecular solute

> thermometer (or thermoprobe with CBL or computer)

> hot water bath (Lab Hint: start the bath now because it will be used
several times during the experiment. One hundred mL of tap water in
a 250-mL beaker is more than enough.)

MATERIALS

) Optional
: > ring stand and clamp

PROCEDURE I. Establishing the freezing point of the pure solvent

Step A Weigh out >5 g of lauric acid. Although your quantity need not be
exactly 5 g, it is important to record how much you do use.

Step B Place the lauric acid into a medium test tube.
Step C Transfer the test tube to the hot water bath, submerging the closed
end of the tube into the hot water.

Step D When the lauric acid has melted completely, move the test tube out
of the hot water bath. You could clamp the test tube to a ring stand,
but it may be just as convenient to hold it.

Step E Place a thermometer (or thermoprobe) into the solvent.

Step F Read the temperature of the liquid lauric acid every 15 seconds for
S minutes, or until the temperature has not changed for two min-
utes. Record the temperature to 0.1°C. Do not use the temperature-
sensing device to stir, but move it often so that the temperature
measured is that of the center of a well-mixed liquid solution.

1l. Establishing K; of the solvent using known solute

Step A Weigh out <0.5 g of palmitic acid. Although the quantity need not
be exactly 0.5 g, it is important to record exactly how much you meas-
ure out.

Step B Add the palmitic acid directly into the test tube that contains the lau-
ric acid used in Procedure I above.

Step C Transfer the test tube to the hot water bath, submerging the closed
end of the tube until the solution melts completely. ‘

Step D Establish the freezing point of the solution, as you did for the pure

solvent.

PROCEDURE

(continued)

Step E Be sure to clean the temperature-sensing device by rinsing it in hot
water, then wiping it carefully with a paper towel.

lll. Determining MM of the unknown solute

Step A Prepare a new test tube of solvent by weighing out a fresh sample of
>5 g of lauric acid.

Step B Weigh out <0.5 g of an unknown solute, to be specified by your
instructor. Add the solute to the lauric acid in the new test tube.

Step C Melt the solution completely in the hot water bath, taking tempera-
ture readings every 15 seconds, as in the previous procedures, until
the freezing point of the solution of lauric acid + unknown solute is
established.

(Caution: Do not pour hot solutions into the sink! They will solidify
in the trap and block the drain. Ask your instructor for explicit direc-
tions on how to dispose of the waste.)



Calculations

1. Using a graphing program, draw graphs of the three cooling curves (pure lau-
ric acid, lauric acid + palmitic acid, lauric acid + unknown solute). Be sure to
plot temperature on the y-axis and time on the x-axis.

2. Find a freezing point for each curve by drawing two lines—one tangential to
the curve where it represents the liquid cooling rapidly, and one tangential to
the curve where it represents the liquid-solid slurry (the plateau of the graph).
The point of intersection of these two tangents is the freezing point.

3. Determine ATy by comparing the cooling curves for pure lauric acid and the
lauric acid-palmitic acid solution.

4. Use ATy, and  (the molality) to calculate the K (molal freezing point depres-
sion constant) for the solvent lauric acid.

5. Determine AT} by comparing the cooling curves for the pure lauric acid and
the solution of lauric acid + unknown solute.

6. Use this AT;and the K;established in Calculation 4 to figure the MM of the
unknown solute. }




